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ABSTRACT

This paper proposes a design of high speed BiCMOS Tristate buffer circuit without

charge pump tec

for driving direc

,hniquel. It decreases time in charging the capacitor by using CMOS inverters

tly to th‘e transistor base and drive the output section for improving the switching

speed with the capacitiv‘e load. The proposed circuit has the lower propagation delay time than the

previous circuit

and also can o

, low power dissipation and full swing output voltage at 0.8 volt supply voltage

erates at 2.5 GHz when compared with the CMOS tristate buffer circuit. All

simulation results have been carried out based on HSpice program simulator by using 22 nm

technology.
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Mos transis}or model parameter

|
Name of value PMOS NMOS Unit
Vo -0.4606 0.50308 \Y
Vg -0.126 -0.13 \Y
Ve 0.55 -0.55 v
P,
T & 1x107 1x107™ W
27 27 °C
TO“L’ .
: 1.10 1.05
7:)xp
0.8 0.8 -
Lo 1.10 1.05
} } -
Toxeref \
1.10 1.05 A
o 03 0.25 Am
n Factor 21 9.3
1a0
y 0.0038 0.004 ent 1 Vs
’ 0.0095 0.04 O/m
Rsh
5 5
Ko 72.5
y 75 Q/m
R 145 145 '
Q/m
Ko 72.5
. 75 Q/
Cgso "
650 650 pFlm
ngo
650 650 pFlm
Cgbo
256 256 pFim
C
e 26.53 26.53 pFim
C Ay
. 26.53 26.53 pFim
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Bipolar transistor model parameter

Name of value NPN Unit
B 150
Vo 33 A%
I 1x107'° A
I 1.5%x107" A
Iy 5%107'° A
P 6x107 A
Iyp 3x107? A
Cs 1.48x107" 7.5%107 pF
Che 1.4%x10° 7.5x107° pF
s 0.14 uF
R, 4 Q
R, 0.5 O
R, 0.2 0
CAT5e3m model parameter
Name of value Value Unit
L, 3.19x107 mH
Co 1.6908% 107 pF
R, 0 9)
G, 0 dBm
R, 0.00084 o)
Gp 3.213x107% dBm
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AT 0.2 lLL’dﬂxifijW WiL vessilFamiuuni 4
MOS Transi!stor ! CMOS Conventional BiCMOS with Proposed Circuit
{nm] BiCMOS Charge pump
M1 | 120 660 120 120
M2 60 440 60 60
M3 220 660 120 120
M4 220 660 60 60
M5 90 440 220 220
M6 90 440 90 90
M7 90 660 220 220
M8 90 660 90 90
M9 220 440 660 660
M10 220 440 440 440
Ml1 1220 660 660 660
Mi2 90 440 440 440
M13 440 660
M14 440 440
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Abstraci— A novel high speed and low voltage BiCMOS
istate buffer without posi;tive and negative feedback is
wesented. A circuit operates on high speed at low voltage
ithout charge pump technique, storage full swing signal
woperties with technique designed on 22 nm technology. The
ungle MOS driving with pass transistor technique is used to
ucrease the driving capabilityf; the MOS drives current directly
w0 the bipolar transistor. The :simulation can be done by testing
sircuit on HSpice program simulator and shown result when
ompared with the previous circuits.

L. INTRODUCTION

The tristate buffers are exitensive]y used as a bus in digital
ystems such as microprocessor, ASIC and memories etc.
Vhile one device is sending on the bus, all other sending
Nevices should be disconnected because sending data is
slectrical transmitted, one device to other devices have been
oroken. Also, the protection| for all devices suffer derogation
{rom reverse out signal |by using other devices block
connected output. Thus, the tristat¢ buffer use to solve the
problem from the propertiesI can be setting the output buffer
of those devices in high impedance state (Hi-z) that
effectively disconnects the|gate from output wire. Such a
buffer has three possible states that are 0, 1 and Hi-z, so called
a tristate buffer. Owning to |wires connected to a bus, a large
capacitive load driving capability is one of the most
importance properties of tristate buffer. BiCMOS is an option
to this requirement and substantially improve compared with
standard CMOS. I
The BiCMOS properties are used to drive the large
capacitive load, high speed operation more than CMOS. Also,
BiCMOS implement to m[ulti devices such as RAM, gate
array, ASIC etc. As VLSI technology is scaled down to deep-
submicron, the supply voltage is also scaled down. The
scaling supply voltage jis compulsory to protect the
breakdown voltage and ho"t electron problem as well as to
reduce the power dissipatioln. It is extensively known that the
speed degradation at low supply voltage is the major
limitation factor for both CMOS and BiCMOS in submicron
technologies. While the conventional BICMOS is known that
it is not applicable on low supply voltage operation, the major
cause of this degradation is[ the 2V loss in voltage swing. In
order to overcome such a limitation, several BICMOS circuit
configurations [1-3] have been proposed.

206

Tel: 66-2-3298300, Fax: 66-2-3298303

Deep-submicron technology are developed to scale down
the size of MOS transistor and scale down the voltage supply
for repairable qualification in operation at low voltage with
high speed of CMOS and BiCMOS technologies. The
abbreviation name of MOS transistors called “FINFET” [4].
From these properties can be used to design the high speed
circuit and used for low supply voltage less than 1 V.
However, MOS transistors cannot drive large capacitive load
with high speed output circuit.

VoD

]
I M1l
e
M10, L
Vi O

F,

—° V..

=

1
vl

8 S

!

Fig.1. General CMOS tristate buffer circuit

A general CMOS tristate circuit configuration is shown in
fig. 1 [5]. It can be simplified to be internal NAND and NOR
gate which controls a pair of CMOS transistor to drive the
output. One of the inputs is enable pin. While the enable logic
is high, both driving transistors are turn-off. For this reason,
the output is high impedance (Hi-z) state. On the other hand,
while the enable logic is low, the circuit acts as a simple
buffer circuit. However, the CMOS driver suffers from the
limited driving current while the supply voltage is low and
large capacitive load.

In order to improve the driving capability when the
capacitive load is large, the BICMOS circuit configuration has
been proposed [6]. Its circuit configuration has been shown in
fig. 2. The conventional BICMOS circuit technique has been
used while the similar concept with a general CMOS tristate
circuit which neither is NOR gate driving technique has been
used to drive base current of a pull up bipolar transistor.
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mm the same time, another NO;R gate has been used to control
€ NMOS transistor to drive the base current of a pull down
PN bipolar transistor with another NMOS transistor is used

« discharge the base current|which is controlled by a small
-verter. While the output of a NOR gate which is the input of
mall inverter is high, output invertér is low and discharge
</MOS is to turn-off. However the circuit performance is
~egraded by voltage loss due!to base-emitter turn-on voltage.
‘hus, the full swing operatilon could not be accomplished.
he pull up base current is dominated by two of PMOS
«cansistors that cause the de&radatio‘n of current capability.
Jence, the large area of transistor is required to get the higher
sase current, it is driven by output node which suffers from
«ne Vgg loss. With another Vpg loss due to pull down
ransistor itself, the pull down circuit suffers from 2Vgg loss.

fence, this circuit is not applicable for low voltage operation.
VDD

[T

Fig.2. The conventional BICMOS tristate buffer circuit

In order to improve a hig!h speed, low voltage supply and
the driving capability as| well as symmetrical transfer
characteristics, the complementary BiCMOS with positive
and negative charge pump technique. The circuit
configuration as shown in| fig. 3 [7], the BiCMOS with
charge pump circuit has| been used MOS transistor to
implement the small inverter input signal in conjunction with
positive and negative feedback through Cpn, and MOS
transistors pair with large inverter driving base current, small
inverter enable signal. The control state by MOS transistor
pair for open and closed driving signal to large inverter, then
can be used to configuration circuit to high impedance.
Output state has been used complementary bipolar transistors
for driving the large capability load but it has the base current
divided from base of bipolar transistor to gate of MOS
transistor. Also the base current for driving bipolar transistor
has loss, the current loss driving MOS transistors for charge
capacitors. At high speed operation, timer charge to capacitor
is very less then it cannot operate the full swing operation
because at high speed |capability indirect variation to
frequency, also capacitor virtual capability load into circuit
while the additional load is put into circuit, timer operation
increase than the low speed operation. The BiCMOS tristate
buffer with positive and negative charge pump circuit use the
high power consumption.
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Fig.3. BiCMOS tristate buffer with positive and negative charge pump circuit

II.  CIRCUIT OPERATION

As shown in fig. 4, the proposed high speed and low

voltage BiCMOS tristate buffer with full swing operation, a
complementary bipolar transistor without charge pump is
presented. A symmetrical transfer characteristic curve with
rail to rail by bipolar transistors driving is achieved. In the
similar properties, a single PMOS transistor driven NPN
bipolar transistor and single NMOS transistor driven PNP
bipolar transistor direct are used during pull up and pull down,
respectively. The circuit operations can be separated in two
portions. The first portion is the controlling signal circuit. It
consists of eight transistors M1 to M8. M1 and M2 are used to
generate the inverting signal from input pin. M3 and M4 are
used to generate inverting signal from enable/disable pin. The
input and output of this inverter work together in order to
control a pair of pass transistor and pull up/down transistor
alternately. M5 and M7 are pass transistors used to isolate
between input and output during disable. Both of them turn on
and pass input through the circuit during enable. M6 is used to
turn off M9 and turn on M10 at the same time M11 will be
turned on and M12 will be turned off by M8 during disable.
From this reason, the base of NPN (Q1) and PNP (Q2) will be
absolute low and high, respectively to make sure the bipolar
transistors absolutely turn off during disable. On the other
hand, both M6 and M8 will be turn off and can be ignored
during enable. The last portion is the driving circuit; it
consists of a pair of NPN and PNP bipolar transistors Q1 and
Q2, respectively. They will work together with two pairs of
CMOS M9, M10 and M11, MI12 inverters. M9 is used to turn
on bipolar transistor NPN Q1 to pull up output as M12 is used
to turn on bipolar transistor PNP Q2 to pull down alternately.
M10 and M11 are used to discharge the base storage charge in
bipolar transistors during turn off alternately. Q1 and Q2 are
used to enhance the driving capability for high speed and
large capacitive load output circuit.
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The proposed BiCMOS circuit is used with the power
consumption is less than BICMOS circuit all other at 2.2 GHz
input signal frequency with variable capacitive load at 0.8 V
supply voltage has been shown in fig. 10, variable supply
voltage at 1 pF capacitive load has been shown in fig. 11 and
400 MHz input signal frequency with various technologies at
1pF capacitive load has been shown in fig. 12.

70

&0

50

Fig.4. The proposed BiCMOS tristate buffer without charge pump circuit
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The simulated output voltage waveforms of a general 2
MOS (CMOS), Conventlonal BiCMOS (C_BiCMOS),

.omplementary BiCMOS tristate buffer with positive and

Propagation Delay (ps) at 2.2GHz
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I,
muegative charge pump technique (P, BICMOS) and the new 0
<«wroposed BiICMOS tristate buffer without charge pump with 01 02 03, 04 05 06 07 08 09 1
sutput capacitive load at 1 pll‘“ with signal input frequency 400 ) hal
vMHz and 2.2GHz has been shown in fig.5 and fig.6,
espectively. o Fig.7. Comparison of propagation delay vs. capacitive load
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The proposed BiCMOS c1rcu1t; shows low propagation %
elay more than previous circuits,at 2.2 GHz input signal g 1
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equency at supply voltage 0.8'V with variable output 50
apacitive load has been shown in f ig.7, at output capacitive
oad 1 pF with variable supply voltage has been shown in fig. 180 350
and at 1 pF output capacitive load at 2.2 GHz input 51gnal Technology (nm)
equency with various techno]ogles have been shown in
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Fig.9. Comparison of propagation delay vs. technology
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32

2.8 1

24
2

Powaer Dissipation (mW) at 2.2GHz
»
Y

——cMos
—s—P _BICMOS

—o— Proposed

0.8 1

12

Power Supply (Volt)

Fig.11. Comparison of powlver dissipation vs. supply voltage

|

2
18 }
16
14
12
1
08
06
04
02
]

Power Dissipation (mW) at 400MHz

—cMOS
—e—P_BCMOS

——Proposed

R

80

350

Technology {nm)

Fig.12. Comparison of power dissipation vs. technology

1v. (ICONCLU‘SIONS

than CMOS about 29.082% and used power consumption of
CMOS is less than BICMOS about 0.0903%. Also a proposed
BiCMOS tristate buffer is better then all other tristate buffer
of the previous circuits. At 0.7 volts supply voltage, the
proposed circuit can be operating but it has high propagation
delay time. However, those BICMOS circuits cannot operate
at 0.6 volts supply voltage because in BICMOS circuits have
bipolar transistors then these circuits cannot operate with
voltage supply less than Vg voltage. The Ve voltage is equal
0.7 volts. Also, development CMOS is high technology but
cannot development BiCMOS circuits operate at supply
voltage less than Vg voltage.
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